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Novel internal ribosome entry site, vector containing same 

and uses thereof 



Field of the invention 

The preset invention relates » - W— -*T ^ 
m oleL, preferably a Coned DNA sequence element, that be mco^ 
mto expression vectors for improving elation of 1 given mRNA and to enable 
said translation of me mRNA in a cap-dependent bu also, more importantly, m a 
cap-independent manner in eukaryotic c=Us. T± DNA sequence element 
comprises the so-called internal nbosoma. entry site, abbreviated as and called 
hereafter IRES. 



is 



20 



Summary of th e invention 
I, has been found by the current invention that two isoforms, P»0 and p 58 of 
PITSLRE pro.etakinascca.be translated from me same PITSLRE by an internal 
ribosome entry process. This means that P 110 and pSS, two proteins with putative 
different functions, are translated from a single rnJ^A species by using two AUQs 
wirnin me same reading frame. These two proteins snare me 439 C-termina. ™ 



the polycistronic PITSLRE is 
region of a cellular mRNA. 



25 



acids that contain the kinase domain. The IRES in 
the first IRES completely localized in the coding 

Moreover, it was surprisingly found that the IRES element is cell cycle regulated 
Translation of P 58 occurs in the G2/M stage of the cell cycle 

I 

I. 

back ground ^the invention 
The PITSLRE protein kinase family is a large sipergene family related to the 
master mitotic protein kinase, P 34cd=2. PITSLRE Wotein kinases are encoded by 
me duplicated genes ceU division cycle 2-Uke 1 (Cdc2Ll) andCdc 2 L2, which span 
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= . . .40 kb on human chromosome 1 P 36.3 (Gururajan et al., 1998). 
aPPTOX,ma,ely ^ ^ll st ^pro^n kinases of UO .Da.wnicK^tain,. 

^ 8meS TlZ T£rJ« *- » smaller isoform of 5S kDa: 
their C-tetminal end the open b 

At ^ the taction of P1TSLRB kinases reman* eluswe. Tn 

Ion for me high number of different isoforms is also not dear. Omy the pUO 
1^0 isoforms contain a 30-amino acid region comprised primarly of gluttnuc 
*) (Xiang - a,., 1994). Shorter glutamic acid seances can be found m 
„, isoforms immediately following the first translation* start s,te for me pi 
"oform. Several highly basic regions, which could taction as bipartite m.,ear 
0 ^alization sequences, are found oniy^^ 

The yeas, two-hybrid system revealed a direct interaction between the **A- 
binding protein, WNFS1. and me pi 10 isoforms but not with me smaller isoforms 

(Lover et al. t 1998). . 
The wide variation in the expression patterns of the different isoforms and then 
15 .evels of expression points to isoform specific factions. While pllO isoforms are 
ubiquitously expressed in asynchronous cell populations, overexpression of P S8 ur 
erotic cens leads to a late mitotic delay due to an apparent fauure of 
cytekinesis. The cells are sequestered a. late telophase for an extended penod of 
^ (BunneU e, al., 1990). The rate of cell gtowm in these cells is greatly 
20 diminished. Conversely, diminished P 58 mKNA .eve* in CHO «»*~ "» 
associated with enhanced ceU growm, as measured by increased rates of DNA 
plication CMeyerson « al., 1992). These observations suggest mat p58 nught 
Iticipate in normal regulation of the cell cycle or cell death. AdditionaUy. tire 
chromosome region 1 P 36.3 is often deleted in neuroblastoma and many other 
25 tumors. Deletion of mis chromosome region occurs late in oncogenes* and ,s 
correlated wim aggressive rumor growth, suggesting mat one or more rumor 
^or genes may reside here (Eipers - a,., 199!). Another observation 
pointing to a role for PITSLRE kinases during cell cycle progress™ * that durmg 
early embryogenesis in DrosopHUa, when exponential proliferation takes place, me 
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2**. A. a later stage wh« - l* 0 "" 15 mSLRE 
expression drops dramatically (Sauer er oi. 1996). 

pXcis.ro.ic messengers as such occur gently * * ^ 

b I a long-established misunders»nding that said polygenic messengers *d 
nToccur I erotic systemsbecause of me presence of me so-called ^ a 
I start of mRNA. indeed, initiation of -ansla.cn of me major* of «. 
eeUular and viral TORN As results ftom attachment of ribosomes to the G cap at 
«. 5 --end of the mRNA foUowed by linear scanning .o me inination codon. 
However, initiation of translation of a smaller number of eukaryotic mRNAs » 5 - 
end . and cap-independent, and instead results ftom direct attachment of ribosomes 
«, an internal ribosomal emry site ORES) within the 3' non-translated xegton (5 
NTR) of the mRNA. 

MS elements were first reported in picornaviral mRKAs which are natural* 
uncapped but nonemeless efficiently transited (Jang « a,., 1988, I.Vtrol., 
62-2636-43). Generally IRES cannot be identified by sequence homology; known 
KES have been identified and defined functionally (Mountford and Smth. 1995, 
TIG, 11(5)-. 179-184). It appears that the conformation of the IRES sequence 
enables the binding on the ribosome. 
, It would be useful to identify a sequence element tha, endows any desired gene 
with the ability to be efficiently translated and to be translated in a cap-independent 
m anner in particular. Moreover, it would be of great advantage to isolate a 
science element that is cell cycle regulated. Furmennore, it would be extremely 
useful to have IRES science dements with a preferably high translation* 
„ efficiency to use in expression vectors as well as in ger* therapy vectors in order to 
control mRNA translation and therefore protein synthesis. 
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Pri- 1 ^ ^«™ P tion ° f fhR ™ vention - 

T.e current invention relates among others to the feature that p58 is produced from 

T p^Ie mBNA by a mechanism of internal initiation of translation during 

PITSL * cell cvcle An embodiment of this invention is disclosed 

the G2/M stage of the cell cycle. An e 

T^O early promoter driven pi 10*™ „*. (oa-2) fused to an E-tag at 
"cLJlwasc^^TMsp^d^^ — tnthe^-3 

pendent pro B-cel. line Ba/F3. This system has the advantage that cells «- b. 

. Tth 1L-3 drive, the ccUs — eousiy through «b- stages of the cell oycK 
Via — .sing anti-B-tag the expression pattern of the -affected 
PITSLRE construct was studied during cell cycle progression » the Ba/F3- 
Dll0 PITSLBE .ransfectan^. The pllO isofbrm was constitutive* present durmg 
L different stages of the ceU cyde. However, oniy during the <WM stage a 58 

l5 kD. form was co-expressed (figure 1A). CeU cycle progress*.* was followed by 
FA CS analysis (figure ,B). To make sure tha, this expression pattern was no, a 
clone dependent phenomenon several other clones were analysed. All delayed a 

similar pattern. - 
Mso a minor band of about 100 to 105 kDa was detected. It has been described 
M previously that the pllO isoforms have two potential translation* starts near the 
L of me 5'NTR region. They are separated by 174 bp and they are located » 
wo Vacant exons. A possible mechanism however has no, been suggested. 
Perhaps mis alternative initiation of translation is a conscience of lealcy nbosome 
se annLg The alternative AUG (at position 283) is located m a more favourable 

origin of the P 58 product was initially thought to be the result of a 
proteolytics! proces. It has been suggested mat glutamic acid regions present m the 
p U0 ilnn are po,ential points of specific proteolytic! cleavage. Recently, a 
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_ , PTTSLRE isoform has been suggested by 

: ; — — - — 1 ~ 

VA nfinV and the PITSLRE expression pattern was 

the pi 10 isoform by resident caspases. 

• c .™t*m S at its C-terminal end the ORF of isoform p58. 
The ©110 isoform contains at us ^ ^ 

wasmutated to alanine and the mutant cDNA was rransfected into the 
Une. In«res,m g ,y, when compared w„h wild type (fig. 2* *» — 
compl-ly locked ou, me P58 expression in the G2/M stage of the eeU cycle 
whereas pl»0 expression remained unchanged (fig. 2B). 
15 The JLon orcein Bl as a marlcer for me G2/M sta g e of me cell cycle was 
used a! control. Cyclin Bl is synthesized during late S. maximally expressed 
during the G2/M and finally degraded during the anaphase (fig. 2C). 
To rule ou, the possibility that we mutated a potential proteolytic*! cleavage srte m 
pUdWrSLBB capable of generating a 58 kDa product, we introduced m the 
„ .1 ioWTSLRE cDNA a frame shift by deletion of two guanosine nucleottdes at 
M « and «, upstream of the interna! AUG <P*«*™* * 

mutation led to a short op. reading ^ - « ^<^.~ 
blot analysis of stable Ba/F3 transfectants of fspllO iqPITSLRE 
p58 PITSLRE was still produced in G2/M in the absence of pllO 

M rC^of the transfected gene was controlled by a constitutive ear.y 

i ri«n of t)58 expression at the transcriptional level was 
SV40 promoter, regulation oi p3» express 

excluded. 
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- ^ W helher p58 and pUO were both derived from one 
Next> it was ™^7^ u J ^ motn er, second, messenger 

' t?>JA natteni was followed during cell cycle progression by 

^ exogenous specific probe in the Ba/F3 transfectants. One 

N °T emWOt Z7>7tZT^ o f die ceU eye, was found - a constant 

» band was absent in non-.ansfec.ed cells. No 

« preSSl °° ^ 1 Ld-specific cel. lysa.es was detected. This shows 

10 additional messenger .n ft. G2/M spec.fi * rise „ a 

that the pllO (a2-2) mRNA, encodmg pllO*" l<" 

- shown in figure 3, analysis of fte Ba*3 parentis during 
„ cell cycle progression revealed a similar pattern compared o .he 
bLpUOPITSLRE transfectants. The pllO isoform is permanent present dunng 

Talent stages of the ce U cycle. !n ^^^Z^. 
transfectants, a strongly enhanced expresston of P 58 was detected 

Ste8e ' ■ « *ed me cell cycle dependence of p5 S PrrSLRE expression by 
TgionofmouseptloP^CMale.andDesiderio.^asa^^don 

J high conservation in mis region between the different human .soforms we 

a this probe would recognize all murine PITSLRE transcript. This analysis 
assumed tins probe would gn~ ^ 

„Hi-»ted a single transcript of approximately 3.2 Kb m an p 
„ rnd.ca.ed a single p Dtevious i y pubUshed observations in mouse 

rG* which is in agreement with previously v 

T Zl* and Desiderio, !994). No additional G2/M-spee,fic transcr.pt 
nssues (Malek and rf ^ pK)duot was detectable in Ba^3 cells, 

accounting for expression of the 58 KL>a pro 
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jesting that Q^M-specinc o<V*™ S ™ - - * POSt " 

It« cycle ardent — of translation of mRNA. More P— *r. ~* 
Cenl * I «BS sequence and even -ore prefembly said cel. cycle 

taventi on relates to an isolated and/or recombinant nuclei acd molecu^ 
preferably DNA, coding a, leas, a functional par, of an eufcaryotic mW 
losomal entry site, which site in the mitotic PITSLRE proten, kmase gene 
comprises the sequence as depict in SBQ.ID.NO.1 or a functional part thereof. 

The present invention also concerns a nucleic acid molecule comprising at leas, a 
of the sequence as depicted in SEQ.ID.NO.1 or a sequence at leas, 

substantially homologous thereto. 

to another embodiment the nucleic acid molecule according to the invention rela.es 
to at least a part of the sequence as depicted in SEQ.ID.NO.1 or a sequence whtch 
hybridizes under conventional conditions to a, least a par, of said sequence or Us 
complementary sequence. 

Unexpec^dly, i, has been found that SEQ.ID.NO.4, being an overlapping sequence 
of SEQIDNO.5 and SEQ.ID.NO.1, has corresponding IRES functionality 

0 according ,o me current invention. Therefore part of the invention is an isolated 
and/or recombinant nucleic acid molecule, preferably DNA, comprising at least the 
sequence as depicted in SEQ.ID.NO. 4, but also an isolated and/or recombman. 
nucleic acid molecule, preferably DNA, comprising at least the sequence as 
depicted in SEQ.TD.NO. 5 and in addition thereto an isolated and>or recombman, 

25 nucleic acid molecule, preferably DNA, comprising at leas, me sequence as 
depicted in SEQ.ID.NO. 6. 

Even more surprisingly, a deletion in the mES sequence of a sequence w«h SEQ. 
m NO 7 resulted in a loss of the IRES functionality, indicating that this sequence 
ean play essential role in IRES functionality. Therefore, par, of m. invention » an 
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isolated and/or recombinant nucleic acid molecule, preferably DNA, comprising at 
least the sequence as depicted in SEQ.ID.NO.7. 

The invention also relates to a chimeric gene comprising the following operably 
linked polynucleotides: 
s a) a nucleic acid molecule according to the invention, and 
b) one or more control sequences. 
Part of the present invention is also a vector comprising at least said nucleic acid 
molecule or comprising said chimeric gene mentioned above and an eukaryotic 
host cell comprising said nucleic acid molecule or comprising the chimeric gene 

10 according to the invention. 

Said vector can be conveniently an expression vector containing at least a single 

promoter. A derived expression system comprising an eukaryotic host cell 

according to the invention forms part of the invention as well. 

Another aspect of the invention is a method for cap-independent translation of 
is mRNA by including in an expression vector, a translation control element or 

analogues thereof having the nucleic acid molecule as set forth in SEQ.ID.NO.l 

and/or SEQ.ID.NO.4. 

The sequences of the invention can be used to induce a cell cycle dependent 
initiation of translation in eukaryotic cells, m particular said sequences can be used 
20 wherein the sequence is a cell cycle dependent IRES sequence, more preferably a 
G2/M-dependent IRES sequence. 

In addition said vector or any of the sequences according to the invention can be 
used for the preparation of a pharmaceutical composition for the treatment and/or 
prevention of a disease by gene therapy. In this regard, the present invention 
25 relates to the use of any recombinant gene endowed with an IRES sequence giving 
it the ability to be specifically translated in cells that are in the G2/M phase of the 
cell cycle. Said constructs are therefore extremely useful in gene therapy 
approaches that target proliferating cells. In such cases, the IRES drives the 
translation of a mRNA encoding a protein ;that is toxic or growth inhibitory for the 
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m1 1s in which i« is expressed (e. g . KB, FAS ligand, myrmdine kinase, " 
reviewed in Tic * „/., 19W or which res**. ft. expression of - « 

Hagedo,^, The G2/M specific activity of the IRES results W ^^ e< ^^ 
of the protein in proliferating ceUs, leaving the other cells On 
ILdiment of the invention is the use if*. IRES in cancer gene „ by 
IcLg tumor cell growth or inducing «*- ceU death. Additional bloCong 
TgZth of tumor blood vessels, which are required for the growth of tumors, 

can be achieved. 

mother embodiment of this invention is the use of the IRES in the trea«nen, of 
restenosis, which results from the abnormal fcrowth of blood vesse! smooth muscle 

ceiis foDsw&g s^mrf^o^^^.^ 

disease. A vessel-expansion technique called balloon angioplasty is one of the 
most popular treatments for the cardiovascular blockages that commonly lead to 
heart attacks. However, due to the mild tissue damage at the surgical arte, many 
patients experience an exaggerated, postoperative heahng response, whereby 
vascuhu- ceils proliferate to form a scar mit re-clogs the artery. This re-occluston 
of the artery is called restenosis and atfccW up to 50% of the patients re^etvmg 
„ halloon angioplasty (Schwab * a,., 1992). The effectiveness of 
ITovirus as a gene therapy vecttr in; animal models of restenosrs * we. 
documented (Gerard and Collen, 1997);: Therefore, recombinant adenoviral 
voters in which the IKES drives the expression of a gene product which affecK 
smoom muscle cell proliferation are constructed in order to inhibit smooth muscie 
ecu proliferation in culture and in pig coronary artery balioon angioplasty model of 
restenosis. The IRES mediated gene :therapy can be dehvered locally m an 
integrated angioplasty procedure using caxheder-based gene delivery (Varenne m 
M 1999 ) orvrfmomermemod^knoW^mepeopleskiUedmtheart. 

The present invention also relates to thejuie of IRES sequences to study the role of 
^ins in mitosis or to screen for novel regulators of cell 
regulators can be any chemical or biological compound, including srmple or 
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to i 

• , i brides oebtido-mimetics, proteins, antibodies, 
complex inorganic molecules, peptides, pepnoo r 
compic* 6 ^..vi-reof A change in expression of the 

carbohydrates, nucleic acids or derivatives thereof. * 

gene .dica.es a ro.e for the p^ rector ta cell eyde reg u^. n 
1 sain regular is a protein, peptide, ^ody or 

„ed in a bicistronic or polycistronic Rector that cames the G2/M-sp=cific 
rpj* as an interciaironic sequence in frontof me reporter gene cistron. 

fc order to clarify what is mean, in this jdescription by some ^ a finder 
explanation is hereby given: 

The terms "geneM", "poivnucleotide". "nucleic acid sequence", Nucleotide 
sequence", -sequence" or "nude* acid mo,ecule(s)" as used herein refers to ■> 
polymeric form of nucleotides of an* length, either ribonucleotides or 
Lxyribonucleotides. This tenn refers only to the primary structure of the 
mdecule. Thus, mis term includes double- ^ single-stranded DNA, and RNA. It 
^o includes known types of modificatujns, for example, methylation, caps 
substitution of one or more of the naturally j»ccurring nucleotides with an analog, 
recombinant nucleic acid molecule" as u^ed herein refers to a polynucleotide of 
genomic, cDNA, semi synthetic or synthetic origin which, by virtue of its ongm or 

20 manipulation is: 

-linked to a polynucleotide other than that to which it is linked in nature, or 

-does not occur in nature. 
An "expression vector" is a construct mat }. be used to transform a selected host 
cell and provides for expression of a science or expression of a gene m the 
sel ected host. Expression vectors can *jr instance be cloning vectors, bmary 
vectors or integrating vectors. j 

"Expression of a sequence" or "expressidn of a gene" is the transenpnon of said 
sequence or gene in RNA, and where appUcabie, me translation of me coding 
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sequence into protein. 

3„ An "expressed sequence" is a nucleotide sequence which - transenhed mto 
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^boundaries of the coding s4»ce «« denned by a 
sea uen«. Tb ^ codon at the ,,terminus. An 
start codon at the 5 -terminus recombinant 
expressed sequence can include, but is not Innited to mKNA, cDNA, 
expressed seq be present as well under 

nucleotide sequences or genomic DNA, wnue in 

in the cell itself or in a cell-tree system, it includes transection mto an KNA 
product, post-transcriptions! modification and/or translation to a protein product or 
peptide from a DMA encoding thatj produc, as well as poss,ble post- 
translational modifications. ; 

••Control sequence" refers to regulatory D^A sequences which are necessary • 
„ affect me expression of expressed sequences to which they are ligated and » 
fences necessary for the translation of coding sequences. The — of such 
control sequences differs depending upon me host organism. In prokaryotes^ 
control sequences generally include promo^r, ribosomal binding site, and 
tutors, In eukaryotes generauy octroi sequences include promoters, 
terminators and, in some instances, enhancers, reactivators or transition 
factors. The term "control sequence" is intended to include, a, a — .all 
components the presence of which arc necessary for expression and rrans.at.on, 
and may also include additional sdvanta^ c<>mponents. 
-Operably linked" refers to a juxtaposition wherein me components so described 
aT in a relationship permitting mem to! function in their intended manner.^ A 
control sequence "operably linked" to an expressed sequence and/or coding 
sequence is ligated in such a way mat expression of the expressed 
trllation of the coding sequence is achieved under coupons compare w«h 
Tcontrol sequences. In case the control sequence is a promoter, i, is obvious for 
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a skilled person that double-stranded nucleic acid is used. 

The terms "protein" and -polypeptide" used in this application are mterc^geable. 
.•Polypeptide" refers to a polymer of amino *cids (amino acid sequence) and does 
not L to a specific length of the moleculi Thus peptides and oligopeptides are 
incl „ded within the definition of polypeptide. This term does also refer to or 
mclu de post-translational modifications ! pf «he polypeptide, for example, 
^vcosylations. acetylations, phosphorylations and the like. Included within the 
definition are, for example, polypeptides; containing one or more analogs of an 
amino acid (including, for example, unnatural amino acids, eu,), polypeptides wtfh 
substituted linkages, as well as other modifications known in the art, bom naturally 
occurring and non-naturally occurring. i 

"Fragment of a sequence" or "part of a sequence" means a truncated sequence of 
the original sequence referred to. The truncated sequence (nucleic acid or protem 
sequence) can vary widely in length; the minimum size being a sequence of 
sufficient size to provide a sequence withja, least a comparable function and/or 
activity of the original sequence referred to, while the maximum size is not critical, 
in some applications, the maximum size usually is not subsfcntially greater than 
tbat required to provide the desired activity and/or functions) of the origmal 
sequence. Typically, the truncated amino arid sequence will range from about 5 to 
, about 60 amino acids in length. More typically, however, the sequence wrU be a 
traxilaam of about 50 amino acids in length, preferably a maximum of about 30 
amino acids. It is usually desirable to select sequences of at least about 10, 12 or 
15 amino acids, up to a rnaximum of aboutlZO or 25 amino acids. 
..Transformation" as used herein, refe* to the transfer of an exogenous 
5 polynucleotide into a host cell, irrespective; of the metitod used for the transfer. The 
polynucleotide may be transiently or stably introduced into the host cell and may 
be maintained non-integrated, for examplfe as a plasmid, or alternatively, may be 
integrated into the host genome. Many ^s of vectors can be used to transform 
cells. These transformation methods are tokown to the person skilled in the art 
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J^Lly L same activity as - sub** M although the form, .ength - 

structure may vary. « tl ~i-i<» 
The term ..substtntially homologous" refers «o a subiect, for msfcnce a nuclei 
Mid which is a, leas, 50% identical in s«,*nce «o *>= -fcrcnce when the entire 
« (ope. reading frame) U compared, whfee the sequence identity is 
a le l 70%, more prefer a, leas, ^ sti.1 -ore preferably at Uas, 85 A 
e^ciauy more than about 90%, most preferably 95% or greater, partly 9 /. 
or greatl ^, for cample, a new nuclei^id isolate which is 80% tdentica. «o 
the reference is considered to be substimtiallji homologous to the reference. 
Se,™ tha, are substantially homologous can be identified by comparing the 
sequences using standard software available in sequence data banks, or m a 
Southern hybridisation experiment under, fte insure, conventional or preferably 
•aringent conditions as defined for that partifblar system. 

Similarly, in a particular embodiment, two amino acid sequences, when proper 
aligned in a manner known to a skilled pirson, are '•subsfcntially homologous 
when more than 40% of the amino acids ire identical or similar, or when more 
preferably more man about 60 % and most preferably more man 69% of the ammo 
acids are identical or similar (functionally Anneal). 

"Sense strand" refers «° the strand of a double-stranded DNA molecule that ,s 
homologous to a mRNA transcript thereof. The "anti-sense strand" contains an 
inverted sequence which is complementary^ that of the "sense strand". 
"Cell cycle" or "cell division" means the iyclic biochemical and structural events 
associated with growth and with division of cells, and in particular vvrth the 
regulation of the replication of DKA and ptosis. The cyde is divided into penods 
called: Go, Gap! ( Gl ), DNA synthesis (^)|Gap2 (G2), and mitosis (M). 
The present invention also relates to nuclfeic acid molecules hybn*zm g wth the 
ab ove-desenbed nuc.eic acid molecule^ |nd differ in one or more posrtions m 
comparison with these as long as ftr encode a comparable protem. By 
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*W*— coupons, preferably under stringent conations such 

Edition, Cold Spring Harbor Laboratory — Cold Spnng Harbor NY <»»». 
1 example of one such stringent Hybridization condition . nybnotzation a, 
ah cxwiiF iV<5<5P at 65 °C for one how. 

4XSSC at 65 -C. followed by a washmg » 0.1XSSC 65 
Alternative.,, an exemplary hybridization condmon . » » / 

formamide, 4XSSC a, 42 "C. The invention also relates to nucletc actd molecules 
the sequence of which dittos from the nucleotide sequence of any of the above- 
o described nucleic acid molecules due to .he degeneracy of the genetic code. 

••Homology" further means that the respective nucleic acid molecules or encoded 
proteins are functionally and/or structurally equivalent. The nucleic acid molecules 
that are homologous to the nucleic acid molecules described above and mat are 
derivatives of said nucleic acid molecules are, for example, variations of sa,d 
nucleic acid molecules which represent modifications having the same biologtcal 
function, in particular encoding proteins with the same or substentially the same 
biological function. They may be naturally occurring ^nations, such as sequences 
from other varieties or species, or mutations. These mutations may occur naturally 
or may be obtained by mutagenesis techniques. The allelic variations may be 
20 naturally occurring allelic variants as weU as synthetically produced or genetically 
engineered variants. 

The present invention also relates to "Vectors", particularly plasmids, cosmtds, 
viruses, bacteriophages and other vectors used conventionally in genetic 
engineering that contain a nucleic acid molecule according to the invention. 
25 Methods which are well known to those skilled in the art can be used ,„ construct 
various plasmids and vectors; see, for example, the techniques described m 
Sambrook, Molecuiar Cloning A Laboratory Manual, Cold Spring Harbor 
Laboratory (1989) N.Y. and Ausubel, Current Protocols in Molecular Biology, 
Green Publishing Associates and Wiley Interscience, N.Y. (1989). Alternatively, 
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, ■ n „ d vectors of the invention can be reconstituted into 
the nucleic acid molecules and vectors oi xn 
liposomes for delivery to target cells. 

BRIEF DESCRIPTION OF THE FIGURES 

Fioure 1- Cell cycle dependent expression of transfected p«r™« . 

8 , c «nth anti-E-tag antibodies of synchronized Ba/F3- 

(A \ Western blot analysis with anti fc tag 

<aj vycb , VAn +N or absence (zVAD ) ot 

rtll0 PITSLRE cells grown in presence (zVAD ) or aos v 

Colponding cel. oycte phases - • CB) * P™» - 

a specific Phase of the cell cycle was d~d by FACS analysts of the DKA 

G2/M) FACS analysis was earned out as follows: Ba/F3 oells were D.-3 deputed 

the presence of propidium iodide, and subsequent FACS analysis. Results are 
shown for a representative cell clone. 

Hg »r. 2 P5S— '» «P-«ed in G2/M by interna, inWatton of translation 

, onthefuU-UngtbpllO— 

Western Mot analysis with antt-E-tag anttbod.es (A B, D) or _ y 

,™ f twf3 ollO prrsLKE eeUs CA), BaTS-mut-pllOfiioi- ceus 

, «ion Cells were synchronized in Gl by IL-3-depleoon and 

"Id from to Gl-btotk by subsequent stimulation with IL-3 for the tiroes 

pll0 PlTSLRE , in G2/M phase. 
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Flgttr e ,: E *pressH,» of PITSLKJ& protein Hn.se, M ceU eye.. 

progression in Ba/F3 cells. pttsLRE antibodies (A) or with anti-cyclin 

(A,B) Western Wot analysis w>*> antl-PITSLRB antmod. ( > 
Bl antibodies (B> of Ba*3 cens. Cells were frrs, sync— - <» by n£ 
depiction and released from this GX-blodc by subset sfcmulat.on wtth £3 * 
1 tones indicated. The corresponding cel. cycle phases are -ndtcated. (C) 
^ rTb,: ana,ysis of total RNA preparations (30 * of Ba*3 cel.. T*e RNA 
samples were prepared at the same time points as the samples — £££ 
W ot analysis. A « — — — 0*» « * - mouse ^» 
cDNA was used as a probe. Numbers to the left rndrcate the lengm of RNA 

markers (kb). 

Hgure 4= Identlficauon and mapping of an IRES element In the coding region 

of PITSLRE mRNA. , ^ . 

, (A) Schematic representation of a dieistronic mRNA and of Afferent 
pUOPrrSLRE-specific sequence elements that were cloned as an ICS between the 
coding regions for LUC and LACZ. Nucleotide numbers indicate the posmons 
based on the plloPITSLRE cDNA . (B, C) The dieistronic plasmids (D.-1 - D.-6) 
denized in panel A and the dieistronic plasmid Appt were transiently transfer in 
,„ 293T cells and expression of LUC and LACZ was analyzed by measurement of 
' ^ enzymatic activity (bars are representative for four independent transferor.) 
and by Western blot analysis. In me latter case 293T cells transited wrth pSV- 
Sport-LUC (LUC) or pSV-Sport-LACZ (LACZ) served as positive control. The 
upper and the lower panels show detection with anti-luciferase and anti-P- 
25 galactosidase antibodies, respectively. (D) Comparison of LUC and LACZ 
expression in 293T cells transiently transited with Di-1 or HPDi-1 wmch carnes 
an additional hairpin downstream from the SV40 early promoter. (E) Northern blot 
^ of dieistronic mRNA expression in 293T cells transfected with the 
dicistt onic constructs indicated on top of each lane (5 „ t«al RNA/lane), as 



I 

I 



+32 S 2446810 -> Jet Fax MQ30 ; Pagi-na S 
Ontvangen: 26/ 1 /OO 13:23; [2)005 
00 WOE 13:22 FAX +32 9 2446610 VIB 



26/01 



17 



, , th LUC (left) and LACZ-(right) specific probes. Detect of LUC and 
revealed with LUC-(left) an oSV _ Sport . L UC and pSV-Sport-LACZ 

LA CZ induced by overexpression of pSV Sport L 

served as a positive control. 

FigU r. 5: - — — ^ m ^ 

""T" ^ tweeted ^ the dicistronic expression l^smidDi-1, 
B3/F3 - ~ panel) and LACZ (lower panel) - in 

W o ^nta^enonsyn ^ by ^-depletion (14 

were synchronized in Gl (open oars; muw v „ . 

If ritimulanoo (24 h) with 1W »spectively. Specific actmty of LACZ and 
h) and rest^auon (2 , LACZ and LUC activities. 

LUC was analyzed and expressed as roc » 

Data are the mean * s.d. of triplicates. 
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• tion is further described and explained by way of the following 
Examples is included too. 

EXAMPLES 

Example! (efl-D m RNA Is 

The Internal initlatioii of translation on the PITSLRE pll 
medla ted by an IMS element present In the coolne region. 

A possihle mechanism — *r ** — • - *• ^ ~ 

• nr 1989 1991). According to this model proposed by Kozak ana 
— ^ of *. rihosome first recosnizes *e F terminal cap 

coworkers, the small subunit 01 me « to3 . direction 

f an mRNA and then scans the mRNA sequence in a 5 to 3 air 
stxucture of an mBNA an ^ ^ AUQ is 

for potential AUG initiation codons. Often, but 
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utiHzed. Whether this AUG is selected - ignored depend. largely on the sequence 
eontext surrounding it. A» optima, nine nucleotide consensus sequence, S- 
Ca^CCAUGO-S-, has been derived on the oasis of ex*nsive mutagenests 
experiments (Koxak, The presence of a purine in position -3 „ most 

important for efficient AUG usage. In the absence of a -3 purine, the presence of a 
'sine at position + 4 is essential. Ribosomal subunits that fai, to nnttate a, the 
LTauG - ~nnnue their search for an AUG in a more favorable sequence 

context. - 

Inspection of the PITSLRE rnRNA sequence reveals a poor to moderate 
, match around the first AUG and a very poor match for the nucleotides flanktagthe 
AUG of p58 (table 1). If the scanning mechanism would be used for transitional 
initiation of P 58, the ribosomal 43S ternary complex would bind a. me 5' end of 
the rnRNA and would scan 101 1 nucleotides, bypassing seventeen AUG codons to 
initiate protein synthesis a. the eighteenth AUG codon. Several of the upstream 
5 AUG codons are in a more favourable context to initiate protein synthesis than the 
eighteenth AUG (table 1). Because the observations according to the current 
invention are not compatible with the leaky scanning model, the possibthty of the 
presence of an TRES sequence in the coding region of the PITSLRE rnRNA was 
examined. Bicistronic mRNAs have been effectively used in vivo to demonstrate 
20 the existence of IRES sequences in both viral and cellular mRNAs. A plasmid 
vector in which the SV40 promoter drives the transcription of a capped bictstronrc 
^nscript was «ms*ucted in the present invention (fig. 4A). The first cistron, 
encoding luciferase (Luc) should be translated by the conventional cap-dependent 
scanning mechanism. However, as ribosomes fail to continue scanning through the 
25 mtercistronic spacer (ICS) insert, the second cistron, encoding p-galac.os.dase 
(LacZ), should be translated only if the preceding sequence contains an IRES. 
The region starting from position 121 was first subcloned and ending up a. the 
internal initiation codon ATG <**> (position 1126) by PCR amplification (d,-l, 
fig 4 A) and the plasmid was transient transfected into the 293 T cell line. The 
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W* analysis show that bo* rransiation products were of the cor«c, sr« 
^the occurence effusion^ (fig. 4C). The observation that 1^- 
from the dieistronic — «* suggests - P™ " " — ' 

„ promote the transfer of initiatio^petent nbosomes from the — uon 
. Jon of the up^ean. cistron to the initiation -don of the do*™, c^n, a 
- the 5- end was inserted (HPDi-1). Figure 4D " 
edification on* negatively influences translation of the first cvstron wtale LacZ 
expression remains unaffected. If enhanced ribosomal read through is responsible 
for the ICS responsible stimulation of LacZ then to activity should be reduced by 
15 an equivalent amount. 

ta addition two constructs were made in which the p58 codmg reg,o» « pUO 
PITSLRE in frame was exchanged by the coding region of luciferase. to one 
of them a frame shift was induced in the PlrSLRE specific region by deleting 
w „ nucleotides (926/927). Bom cDNAs were transiently transfected into 
» 293T cells. The respective translation products of the in frame fusion mRNA 
and the frame shift fusion mRNA were analysedby immunoblotting with antr- 
Uc antibody. In accordance with pUOWMWB. in me cell lysates of the m 
frame fusion mRNA two translation products were ducted, a fusion product 
of 130 kDa (pllO-lUC) and luciferase. In the cell lysates of the frame shift 
25 fusion mRNA only one translation product, luciferase, was detected. The 
frame shift abrogated the Wation of the msion protein of 13C > *Da whue 
vernal translation of luciferase conferred by the PITSLRE IRES element 
remained unaffected. 
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To exclude the possibility that L*cZ was -pressed from a monochrome 
mRNA that might have bee. sensed if the IRES had sites for *-age 

by a specific ribonudease or if the IRES had a cryptic promoter element Norfliem 
L lysis was performed. The same mRNA was detected bo* by lue^d 
LacZ pies. This observation demonstra*. that bo* cistrons were translated 
from an intact dicistronic form of the mRNA(fig. 4E). 

TO de^rmine whether the cellular environment m me G2/M stage of the cell 
cycle is more sportive for internal initiation of translation mediated by the 
PITSLRE IRES element, me dicisu-onic vector was stably transfected tnto me 
Ba/F3 cell line. Several clones were obtained and analysed during cell cycle 
progression (FIG. 5). Luciferase and LacZ activity were determined in cell lysates 
_d a. different time points during cell cycle progression. The G2/M sttge » 
associated with enhanced LacZ activity, corrected for the amount of mRUA by 
measurement of luciferase activity (fig. 5B)t A 3-5 times enhanced LacZ/Luc ratio 
wa s measured in the G2/M s*ge compared to the Gl. Hence, it seems ma, the 
G2/M-stage facilitates the internal initiation;. 

The fact mat LacZ activity can still be defected at the Gl stage of me cell cycle 
nught be a consequence of the higher stability of the protein compared to the 
stability of p58 (fig. 5A). 
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Table 1 



N° AUG 


AUG 
position 


AUG context \> 
(CC(A/G)C<p4uGG 


1 


112 (pi 10) 


CUCAAAUGG 


2 


119 


GGGUGAUGA 


3 1 


152 1 


UUUAGAUGA 


4 


227 


UUCUGAUGjA 


5 


283* (pios; 


ACUGCAUGp 


6 


328* 


ACUCUAUGjjG 
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7 


350 


A^GAAGAUCiA 


8 


382* 


AGCAAAUGU 


9 


416 


AAAAGAUGA 1 


10 


440 


AAAGCAUGjU j 


11 519 


"CGGGAALJUU "1 


12 |544* 


GGGAAAUGG 


■ 13 578 


GGGGAAUQA j 


14 581 


"GAAUGAUGG J 


"l5~~ 1 646* 


GCAAGAUQC 


"16 757* 


" GAACGATJGA J 


'17 874* 


" AGAAAAUUG 


lll26*CpD8) 


AAGAAAUGA 



*: in frame AUG 

in bold : matches with consensus se< 



quence according to Kozak, 1986. 



10 



15 



Example 2 

Characterization of the PITSLBE IREiS element 

The cloned fragment in the ICS in thi dicistronic vector, di-1, °*^*"* S 
nucleotides. Regions described ,o contain JRES activity » maxnnal 450 bp !«-«. 
To map the region with JRBS activi* in me PITSLRE mRNA a senes of 

aicistronic plasnuds was general containing decreasing ^ * — 
a- . for 0 noPrrSLRE. Different fragments (fig. 4) were mserted into the 

codmg for PHO ^ transient transfected dicistronic 

rot ercistrorac spacer re^Jd, > ^ 

plasmids were introduced into the i cci 

mBNAs produced luciferase. The Unerase activity was used as an mtemal control 
for the different transfection efficiencies', of the plasrmds. 
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The abihty - - —ted se^ces to gemote — *»— entry on the 
n^A was ccx^d «o*^ a n<jt 

The constructs containing ^ Hxtended deletions at the 3 • end 

score in the LacZ activity test (fig. 4B, di-2, dx 3). exien 

r:;^ — «h — — - - — ™ 15 

situated upstream of the internal initiation codon. 

nterestingly, deietion of 347 nts at the 5>dhad Utde ef&c, onthe a^ty of *e 
JUT-— although it tested in a LacZ product that ts shghtiy 

<*■ 40. ^ deletions of 624 ts (di-5) and 7S6 nts <di-6) resulted m a 
!lspol. g reduction of interna, ribos^e entry of 25% and 30*. respectively. 
This partial loss of IRES activity may reflect loss of secondary or tertiary structure 
elements mat confer positive or negativj effects or loss of protein-hmding sr^ 
The IRES activity harbored in the ICS of di-4 is comparable in strength wxth the 
activity in the ICS of di-1. The fact thattt is possible to make a small deletion at 
me 3'end without a dramatic loss of activity has aiso been described for the c-myc 
IRES (Stoneley etal., 1998). j 

Analysis of the translation products *f. the different dicistronic mRNAs by 
Western b.o, analysis, shown in figure 4c, shows tha, di-1, di-5 and di-6 express 
L acZ of the expected size. Di-4, wnichtalso scored positive in the LacZ acuvrty 
« expresses a larger LacZ specific translation product. It seems tha, deletion of a 
^ region immediately upstream of 4 AUG of internal initiation of translate 
not interfere activity, in casu r*osome binding, but affec* *e srte of 
nation of translation taken by the fsomes. In various viral IRESes 3 end 
deletions located within the IRES complete ablate ribosonial entry. 
The PITSLRE IRES dement contains a purine-rich tract (93 •/. A/G) of 90- 
nudeotides which is situated 60-nucleo|oes upstream of the AUG (p58). A smnlar 
polvpurine motif has also been found hi a tobamoviral IRES (Ivanov e, 997). 
The functional significance of this niotif is stiu unclear. Possibly, rtpiays a 
functional role in analogy with the oUgopyrimidine motif tha, has been desenbed 
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The cloned fragment in the ICS in the dicistronic vector, Appt, is sumlar to the 

• r»i l but contains a deletion of the punne-nch tract 
corresponding region in Di-1, but contains a 

starting at position 978 and ending up at position 1065. 
5 Infigure 4B,weshowthatthisdeletion^ 

Tgcample 3 

Structural fcatorcs of the PITSLRE WES element 

0 " ,o The importance of RNA secondary ^i' tertiary structure for IRES function 
emerges from a comparison of the sequences and secondary sttuctoes of drfferent 
KESes A common RNA structural motif involved in the internal ininanon of 
cellular mRNAs ha, been proposed by ti and coworkers (I_e and Maize!. 1997). A 
common RNA structural motif, including a Y-type stem-loop followed by a sttm- 
15 loop is a conserved property found in; fceUular IRES elements. One remarkable 
property of the stem-loop is ma, this structure is situated just upstream from the 
authentic initiator (Le and Maizel, 1997* The se«maary stmcture of a fragment of 
491 bp (nt 637 to 1128) of the pllORtfsLRE mRNA U shown to contam IRES 
activity. This secondary structure is ranted by the Zuker procedure (computer 

20 program: mfold). jj j 

Two structural domains seem to correlate with FRES activity. A Y-type stem-loop 

(689-823) and stem-loop (1069-1 105). O = -128.2 kcal/mol. 
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MATERIAL AND METHODS 
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Plasmid constructions ;i : 

-„ Dll0 PITSUtE cDNA was obtained 'jU reverse transcription and polymerase 
^reaction (PCR) amplification of «4 inRNA ^ human HL-60 oeUs usmg 

polymerase (Boehringer). The 5'- and 3' primers used for ft. an^hficanon, 5 - 
TGACCGGAATTCATGGGTGATGAA^OQACTCTTOG-3- and 5 ; 
TGACCGOAATrCTGACCTTCAGAAGmrGAGGCTGAAGCC "3, 
respectively, gave a cDNA fragment of ^0 op. The PCR fragment was digested 
wub me restriction enzym EcoRl andjcjoned into the pMASS plasmid. Tms 
construction was used to perform site dujected mutagenesis by a cMoramphemcol- 
selection procedure using a commercial^! available kit (Transformer, Clontech). 
Briefly this method involves simultaneously annealing of two oligonucleot.de 
prirners to one strand of the dena^ed double-stranded plasmid (pMA- 
HOPrrSLRE). one primer introduces 'Jhe desired mutation. The second pnmer 
Educes a gain of - function mutation ,in me gene encoding chloramphenicol 
resistance for the purpose of selection, j j 

To fuse an E-«ag a. the 3'-end of pllO™ **E cDNA an in frame No,l restriction 
2 „ site was introduced a. the stop codU by using the mutation pnmer 5'- 
AGCCTC AAGTTCGCGGCCGC AGAQTjCjG ACC-3 ' . As an EcoRllNotl fragment 
the pi loPn-SLRE cDNA was inserted L fee EcoRllNotl opened pSV-Sport-E-tag 
plasmid. The latter was obtained by insjtjon of the E-tag as a NoWXbal fragment 
in the Notl/Xbal opened pSV-Sport plasljnU 
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The following primers were used for 4 'mutation of the internal rn.tiat.on codon 
md for the induction of fj frame shift respectively: 5'- 
GAGGAAGAAGCGAGTGAAGAT-3 * M, ^ ' -GAC AGCG AGAAAGACC AGCTCG- 
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■n. dicistronie vectors were madekj « cloning the 

» *e PUC19 plasmid P«foWd by a three points ligatmn. In a 
LacZ gene into the put. IV p J was inserted 

subseouen, three points ligation the PCR-fragment fused to I^cZ gen 
t * ^ firefly ,uciferase gene into the pSV-Sport plasrrad. 
ZVZ - 3- -end primers used <J .mplifieation of the different fragments 
7JLZ the intercistronic spacers of tne jnfferent dicistronie vectors: dt-1 : sense 
5 *CTAOTCT AGAAAAGTGAAAACTTTa|j^TGAAATTC-3 -.sens; 
5 'TTCTTC ATCTTCACCCATGGCTTCCTt jicTTAC3 ' ; di-2: sense: tdem dt-1, 
5 " OTC ^ C ^c^TCGTICGGTGATG 3'. di-3: sense: 

antisense: 5' TGCATGCtAiuu _^^ Ar rrrrrTfiC G3' 

id em di-U annsense: 5' TGCATGCCATGGATGTCGTrTCCGACGTTCGTGC G3 . 

sense: , CTAGTCTAGAGCACcfACGXCGGAAACGACA 03-, ant.^ 
5 * C ATGCC ATGGTCTTCCTCTCGCTGT^GCTGATGTC3 ** -~ 

5 'CTAGTCTAGACATCACCGAACGATGA|3AGAGG3 * ; annsense: rdem dnl. dt6 
S-CTAGTCTAGAGACA^GCGACAGCGAGAGGAAGACCAGW 

mti sense: idem di-,. The PITSLRE specific ICS in *ppt was obtained by PGR 
^phficanon. Two ftagmenU were ajnpHfied with foUowmg primers. 5 - 
CTAGTCTAGAAAAGTGAAAACTrrAGATGAAATTC-y; 
CCATCGATAGAACCTGAGCCTGATTC»r6CrGACGA-3' and ?. 
CCATCGATACCGGCAGCAACTCIGA<?C|AGGCATC-3'; 5-- 
TTCTTCATCTTCACCCATGGCTTCCTGAjCTTAC-3'. 

The subsequent PGR fragments were digested w*h me restrict enzymes . X»t 
md Nc oI These fragments were done!, together with LacZ gene as a NcoUSall 
fragment (from pIRES-lacZ) in a Xbal/^ opened pUCI9 plasmid. For the Appt, 
ZZ*L obtained were digested wfti Xba^Gla, and ClaX/Nco! respeenvely 
• *™ LacZ ioktaining fragment in XbaVS*! opened 
£cl Subsequently, the -mplete i^4 was c.oned as an ^SaU gagmen, » 
opened pSV-Sport plasnk rogether with the ' gene 

. cloned as an ^o/jfiagment (from the pG^-bastc vector 

(Clonetech)- j 
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w, - i. • •« (A G = -40 kcal/mol) was created by introduction of a double- 
A stable hairpin (A ? 5 , C QCGTGdcGAGATTTTCAGGAGTCAC3' and 

stranded ohgonucleo.de ^GT^ between me ^ and AW sites 
5 ' TCG AGTG ACTCCTG AAAATCTCGCC A3 ) oerw 

L vector P^-basic upstream of *e Unerase gene. This ™ 

ConoLdoubie-s^ 

AfluMo/-openedpGL3-basic vector. | 

Cells and DNA transfection .. . 

Human embryonic fcdney 293T cells *re »- ™ s ™nned 

Bag ,c-s medium (DMEM) supped |Mh 10% (v/v) heat inactivated PCS. 
Tho IL . 3 -depcndent mouse pro-B cell InSe Ba/F3 (Palacios and « 1985) 
was maintained in Dulbecco's modified medium (DMEM) supp.—d 

with 10K (v/v) heat inactivated PCS an<i 20% (v/v) conditioned medrum from the 
WEHJ-3B cells as a source of mIL-3. j 

• *i„ ^r.Qfectea bv a calcium phosphate precipitation 
293T cells were transiently transtectea oy a mm. 

method (O'Makoney and Adams. 1994)|cells were incubated for at leas, 4 h wtth 
me transfection solution followedby adding freshmedium. Ceils were Clectedby 
centrifegation at 48 post-transfection and were farther analysed. 
Ba/P3 cells were stably transfected by jeleettoporation. Before transfection, cells 
were conected and resuspended a, lA* cells per ml in medium. 20 « of 
Dll0 PITSLKE plasmid and S W crying a puromycine resisttnce gene 

_ , , . t „J 1988) was added to 0.8 ml of cell 
(pBSpacdeltap) (De la Luna, S. et <f, 1988) 

Iplion. Electioporation was performed using the Easy Jec, apparatus 
(Eurogen.ec) at 1500 uF and 300 V. Subsequently, me cens were resu spended 

. tinted crrowth medium. Selection was initiated 48 n 
WEHI-3B supernatant supplemented grpwin meuiui 

wrxu y i , , :„ rcj^r.^ After one 
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^ transfection in medium containing 1 ^ *«— ^ ~ 

weeic, surviving cells were cloned by hating dilution. Positive transfectants were 
seiected on the basis of inununoblotiin* or reporter gene expression measured by 



enzymatic assays. 
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^Cl pH Z 137 mM NaCI, .0 % glycol, 1 - 2 °° ^ 

awotinin, 10 mM EDTA, 10 ng/ml leupeptm). 

Tir^in, were ouantified in the Reared - lysates by the B.omd assay 
^5) and 50 ug of proteins were subjected * SDS-PAGE and transferred by 
electroblotting onto a nitrocellulose Membrane. E-ta g fcsed proten* were 

(Pharmacia). LacZ and firefly luciferase were imrnunodetected with the mouse 
monoclonal an«i LacZ (1/1000 mlution) (Boehringer) and rabbit polyclonal anu- 
luciferase antibody (1/2000 dilution) (Promega), respectively. 
PITSLRE protein kinases and Cyclin 6l were mmtunodetected by the rabbi, 
polyclonal anti PITSLRE antibody (I/IOOO) (Santa Cruz) and the rabbit polyclonal 
anti cyclin Bl antibody (dilution 1/100O) (Santa Cruz), respectively. 
Antibodies were detected with an enhance chemuununesceuoe kit (Amersham). 
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Reporter gene assays 

For the reporter gene assays, cells werelysed in 25 mM tris phosphate pH 8, 2 mM 
DTT 2 mM CDTA, 10 % glycerol, l%|tjjiton X-100. 

Firefly luciferase was assayed in a volume of 30 uL The reactions were initiated by 
addition of 15 pi of luciferase assay/substrate buffer (40 mM Tricine, 2 mM 
(MgC0 3 )4Mg(OH) 2 .H 2 0, 5 mM MgSCH, 66 mM DTT, 0.2 mM EDTA, 0. mM 
COA, 1 mM ATP, ImM D-lucifcrin) to 15 ul cell lysate. The light signal was 
measured using a Top-Count (Packard). ! 



25 



measureo using* ivy-*- - ■- : , 

B-galactosidase was measured in a volume of 200 ul. Twenty pi lysate was added 
o !60 ul substrate buffer (60 mM Na^P0 4 , ,0 mM KC1, 1 mM P-ME) reaction 
was initiated by adding 20 pi of 50 mM chlorophenolred-P-D galactopyranosrde 
(CPRQ). The colorimetric signal was measured at 595 nm. 
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Cen«l.rBNA P «rlfic«ti.naodNorthe™!l»lotting ^ ^ 

Total RNA was isolated maidng use of RNAeasy kit (Qmagen) accordmg to 
manufacturer's instructions. :]j 

Total cellular RNA (10 M*1~> **s denatured i» fonnaMehyde and 
electropnoresedthrough a 1.2 % fbrmald^yde-agarose gel. RNAs were transferred 
onto a ny ,on membrane (Amersham) bf ;iKe capillary blot procedure. The fitters 
were UV cross-ltaked using a UV Stra^lWVer apparatus (Stratagene) and were 
hybridized with the indicated cDNAs Ubiled with 32 P by randomly primed DNA 
synthesis. The hybridization probes were^uciterase (a 1700 bp cDNA HtoBXbat 
restriction fragment), LacZ (a 800 bp cDNA Nco IlClal restriction fragment), 
PITSLRB (a 6S0 bp PvuH restrictiirl fragment) and an E-tag probe (5 - 
ACGCGGTTCCACJCCKJATCCGGATAipOGCTCCGGCGCACCr-S-). 

i I 

I i . 
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Se quent li sting 



GA< 

AGGTTCTGAGGA^~^ 
GAATCAGAGGAGGAAGAGGAAGAGOAGOAOUAW 
CAGAGCAGTCTGCCGAAGAAGTAAGTGAGGAAGjAAATG 

GUAAGUGAGGAAGAAAUG 



— _ a a GACCAGCTCGdCCGAGTCCTCGTCAGCAGAATCAGGCTC 



10 



15 



: r 



ATA< 



CAGGAAGTGACGATACT 



GCGGCGGCGGCG^G^ 



20 



ggactcttggaaagtgaaaa 



AAGAGGAGAAAGCAGAGATAAAACGCTT 
TCCdTGAGGAGGGGGAGCTGAGAGATCAC?< 



25 



TGGCGCGCGCG GTTGCTGTTTCTTCTCTGGCTCCGGGACCG 



30 



35 



TTCTGATGACCGGGATTCCAAGCGGGAT 
^ _ TGGAGATCACAATAAGGAACTCCCCGTA 

tag^g^^^ 

a^^^^^^ctagagtgaagaagaaagaaa^ac^gcacgaacgtcggaaacgacatcgagaa 
^^^^^^^^^^ctcgccgggaatgggaaWg^acagaagagaagggaaatggcaagggagc 

AGAAGAGAAAATGGAAGAAACiGGACCTGCTGJp 

::i ^^^_ A ^Ar,cTcrrrrr T AGTc:crcGrck< 

r. AA GAGGAGGACir,AGGA AGACGAGGAGfe 



r-AGGAAGAGG, 

^ ^yrf-TGrCGAAffft *ctaagTGAGGAAI 



^■^ArAn GACATCAGCGACAG CGA 

ojt AGAATCA fifiTTCAGGTrCTGAGGM 

f,AAGGG^.rACCAG^ -A ahaaTCAGAG 

^j^rsr* a AnnAGGAGAClEGGCA Cr' ftCTCTGAGGAGGCATCAG AG 

.TGAGTG AAGATGAAGAACGAGaAAATGA 



AAA 



C^CCTCTrGGTTGTrCCAGAGTCACGiBrrCGA. 



^CCGAGATTCCGGGGAGAGTGAAGAAG 
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10 



15 



20 



AAOATGaAOAAGG^GAACOAGGGCrtCrca^AC^ CAGCAACATGOACA 
CAAGGCCCAGCATCCCAACATOG^^ 

AOATCIA^CGTOA^CTA^AC^^^^^^^^ 

cACCccTTccn^GG^ 

CTCAAGGTOGGTOACr ^ ^ OAOcro crGCTrGGTCCCAAG<3AATA 

TCTTCGGGQAGCTGCTGACTCAOAAGCC 

caaogtgttcaaggatctoogqacccc 
gcagtcaagaagatgaccttcagca 

TCATGAACAAO ^ rr rrcCTCcCCA ^AtcCCTCCATGTTCCCCACGTC3GCCCGCCAA 

acagccagctgggtgacgacgacctgaagg4g 

GGGGCCTCTGCCGCGGGCCCCGGCTTCAGCCj:' 



CGGCATO 

CACCCCGGTCGTGGTGACCCTGTGGTACCGC 
CTCCACGGCCGTGGACATGTGGTCAGTGGGl } 

tctgitccccggqaagtcagaaatcgatcagXti 

TAGTGAGAAAATCTGGCCCGGCTACAGCGA 1 



TGGGG 



SR QjD.NO.4 
GACATCAGCGACAGCGAGAGGAAGACCAGdl 



cgggcttccaccttaccaccacgaaccag 

GTTCTGAAGGTCAGAGTGGACCCCGTCA 



25 



gP QID.KO.5 



n^TriGGAAACGACATCGAG AAGAApAGGATAAAGCTCGCCUuVjAA l yj^^-n-nn^'v* 



gaagac 



30 



vtaaagctcgccgggaatgggaaagaca 
^gagaaagggggaatgatggcgtgtgc 

CTCriCACXKiA^^ 



TTACA 



QGACATCAGCGACAGCGAGAGGAA(|a€CAGC 



35 



;ctcggccgccgcgggagcggttcgagtt 
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SEO.ID.NP.6 

CACGAACGTCGGAAACGACATCGAGAAGAACAGGATAAAGCTCGCCGGGAATGGGAAAGACA 
GAAGAGAAGGGAAATGGCAAGGGAGCATTCCAGGAGAGAAAGGGGGAATGATGGCGTGTGC 
CTCTTCAGGGACCGCTTGGAGCAGTTAGAAAGGAAGCGGGAGCGGGAGCGCAAGATGCGGGA 
GCAGCAGAAGGAGCAGCGGGaGCAGAAGGAGCGCGAGCGGCGGGCGGAGGAGCGGCGCAAG 
GAGCGGGAGGCCCGCAGGGAAGTGTCTGCACATCACCGAACGATGAGAGAGGACTACAGCGA 
CAAAGTGAAAGCCAGCCACTGGAGTCGCAGCCCGCCTCGGCCGCCGCGGGAGCGGTTCGAGTT 
GGGAGACGGCCGGAAGCCAGTAAAAGAAGAGAAAATGGAAGAAAGGGACCTGCTGTCCGAC 
TTACAGGACATCAGCGACAGCGAGAGGAAGACCAGCTCGGCCGAGTCCTCGTCAGCAGAATC 
AGGCTCAGGTTCTGAGGAAGAAGAGGAGGAGGAGGAAGAGGAGGAGGAGGAAGGGAGCACC 
AGTGAAGAATCAGAGGAGGAAGAGGAAGAGGaGGAGGAGGaGACCGGCaGCAACTCTGAGG 
AGGCATCAGAGCAGTCTGCCGAAGAAGTAAGTGAGGAAGAAATG 

SEP. ID. NO 7 

GAAGAAGAGGAGGAGGAGGAAGaGGAGGAGGAGGAAGGGAGCACCAGTGAAGAATCAGAG 
GAGGaAGAGGAAGAGGAGGAGGAGGAG 

SEO.ID.NO. 1 i s the IRES specified sequence according to the invention 
SEP. ID. NO.2 concerns the corresponding RNA sequence of the IRES element 
SEP.ID.NP.3 shows the nucleotide sequence of PITSLRE protein kinase 
(pnOpitslre) (isoform a2-2). The IRES-activity containing sequence is underlined 
and corresponds to SEQ.ID.NO. 1 . 

SEO.ID.NQ.4 is the overlapping sequence between SEQ.ID.NO.l and 
SEQ.ID.NO. 5. 

SEQ.ID.NO.5 is a sequence comprising an extension to the left end of 
SEQ.ID.NO.4. 

SEO.ID.NO.6 is a sequence comprising SEQ.ID.NO.5 and SEQ.ID.NO.1 with the 
overlapping SEQ.ID.NO.4 included. 
SEO.ID. NP.7 is a sequence, deleted in Appt 
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Claims 

I. A nucleotide sequence enabling a cell cycle dependent initiation of translation 
ofmRNA. 

5 2. A nucleotide sequence according to claim 1 wherein the sequence is an IRES 
sequence. 

3. A nucleotide sequence according to claims 1 or 2 wherein the cell cycle 
dependency is a G2/M cell cycle dependency. 

4. An isolated and/or recombinant nucleic acid molecule, preferably DNA, 
io encoding at least a functional part of an eukaryotic internal ribosomal entry 

site, which site in the mitotic PITSLRE protein kinase gene comprises the 
sequence as depicted in SEQ.ID.NO. 1 or a functional part thereof. 

5. A nucleic acid molecule according to claim 4 wherein said functional part of 
SEQ. ID. NO. 1 comprises the sequence as depicted in SEQ. ID. NO. 7. 

is 6. A nucleic acid molecule according to claim 4 comprising at least a part of the 
sequence as depicted in SEQ.ID.NO. 1 or a sequence at least substantially 
homologous thereto. 

7. A nucleic acid molecule according to claim 4 comprising at least a part of the 
sequence as depicted in SEQ.ID.NO. 1 or a sequence which hybridizes under 

20 conventional conditions to at least a part of said sequence or its 

complementary sequence. 

8. An isolated and/or recombinant nucleic acid molecule, preferably DNA, 
comprising at least the sequence as depicted in SEQ.ID.NO. 4. 

9. An isolated and/or recombinant nucleic acid molecule, preferably DNA, 
25 comprising at least the sequence as depicted in SEQ.ID.NO. 5. 

10. An isolated and/or recombinant nucleic acid molecule, preferably DNA, 
comprising at least the sequence as depicted in SEQ.ID.NO. 6. 

II. A chimeric gene comprising the following operably linked polynucleotides: 
a) a nucleic acid molecule according to any of the claims 1 to 10 
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b) one or more control sequences. 

12. A vector comprising at least a nucleic acid molecule according to any of the 
claims 1 to 10 or comprising a chimeric gene according to claim 11. 

13. The vector according to claim 12 wherein the vector is an expression vector 
5 containing at least a single promoter. 

14. An eukaryotic host cell comprising a nucleic acid molecule according to any 
of the claims 1 to 10 or comprising a chimeric gene according to claim 11. 

15. An expression system comprising an eukaryotic host cell according to claim 
14. 

10 16. A method for cap-independent translation of mRNA by including in an 
expression vector a translation control element or analogues thereof having the 
nucleic acid molecule as set forth in SEQ.ID.NO.l and/or SEQ.ID.NO.4. 
17. Use of any of the sequences of claims 1 to 10 to induce a cell cycle dependent 
initiation of translation in eukaryotic cells. 

15 18. Any of the sequences of claims 1 to 10 for use in accordance with claim 17 
wherein the sequence is a cell cycle dependent IRES sequence. 

19. Use according to claim 18 wherein the cell cycle dependent IRES sequence is 
. a G2/M-dependent IRES sequence. 

20. Use of a vector of claims 12 or 13 or any of the sequences according to claims 
20 1 to 10 for the preparation of a pharmaceutical composition for the treatment 

and/or prevention of a disease by gene therapy. 
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Abstract 

The current invention relates to two isoforais, pi 10 and p58 of PITSLRE protein 
kinase, which can be translated from the same pllO (a2-2) mRNA by an internal 

5 ribosome entry process. This means that pi 10 and p58, two proteins with putative 
different functions, are translated from a single mRNA species by using two AUGs 
within the same reading frame. These two proteins share the 439 C-terminal amino 
acids that contain the kinase domain. The IRES in the polycistronic pi 10 mRNA is 
the first IRES completely localized in the coding region of a cellular mRNA. 

10 Moreover, it was unexpectedly found that the IRES element is cell cycle regulated. 
Translation of p58 occurs in the G2/M stage of the cell cycle. 
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Figure 1 
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n 



m7G 



LUC 



121 
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SEQUENCE LISTING 

<110> VLAAMS INTERUNIVERSITAIR INSTITUUT VOOR BIOTECHNOL 

<120> NOVEL INTERNAL RIBOSOME ENTRY SITE, VECTOR CONTAINING 
SAME AND USES THEREOF 

<130> V1/002-V036 

<140> 
<141> 

<150> 99200216-2 
<151> 1999-01-26 

<160> 27 

<17 0> Patent In Ver. 2.1 

<210> 1 

<211> 222 

<212> DNA 

<213> Homo sapiens 

<400> 1 

gacatcagcg acagcgagag gaagaccagc tcggccgagt cctcgtcagc agaatcaggc 60 

tcaggttctg aggaagaaga ggaggaggag gaagaggagg aggaggaagg gagcaccagt 120 

gaagaateag aggaggaaga ggaagaggag gaggaggaga ccggcagcaa ctctgaggag 180 

gcatcagagc agtctgccga agaagtaagt gaggaagaaa tg 222 



<210> 2 

<211> 222 

<212> RNA 

<213> Homo sapiens 

<400> 2 

gacaucagcg acagcgagag gaagaccagc ucggccgagu ccucgucagc agaaucaggc 60 
ucagguucug aggaagaaga ggaggaggag gaagaggagg aggaggaagg gagcaccagu 120 
gaagaaucag aggaggaaga ggaagaggag gaggaggaga ccggcagcaa cucugaggag 180 
gcaucagagc agucugccga agaaguaagu gaggaagaaa ug 222 



<210> 3 

<211> 2471 

<212> DNA 

<213> Homo sapiens 
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<220> 

<221> misc_feature 
<222> () . . ) 

<223> zhe IRES-activity containing sequence 
<220> 

<223> PITSLRE protein kinase (pllOpitslre) (isoform alfa 
2-2) 

<400> 3 

atacaggaag tgacgatact tttggcgcgc gcggttgctg tttcttctct ggctccggga 60 
ccggcggcgg cggcggcggc acgggcggcg gcgtagggtg ttttaactca aatgggtgat 120 
gaaaaggact cttggaaagt gaaaacttta gatgaaattc ttcaggaaaa gaaacgaagg 180 
aaggaacaag aggagaaagc agagataaaa cgcttaaaaa attctgatga ccgggattcc 240 
aagcgggatt cccttgagga gggggagctg agagatcact gcatggagat cacaataagg 300 
aactccccgt atagaagaga agactctatg gaagacagag gagaagaaga tgattctttg 360 
gccatcaaac caccccagca aatgtctcgg aaagaaaaag ttcatcacag aaaagatgaa 420 
aagagaaaag agaaaaagca tgctagagtg aagaagaaag aaagagagca cgaacgtcgg 480 
aaacgacatc gagaagaaca ggataaagct cgccgggaat gggaaagaca gaagagaagg 54 0 
gaaatggcaa gggagcattc caggagagaa agggggaatg atggcgtgtg cctcttcagg 600 
gaccgcttgg agcagttaga aaggaagcgg gagcgggagc gcaagatgcg ggagcagcag 660 
aaggagcagc gggagcagaa ggagcgcgag cggcgggcgg aggagcggcg caaggagcgg 720 
gaggcccgca gggaagtgtc tgcacatcac cgaacgatga gagaggacta cagcgacaaa 780 
gtgaaagcca gccactggag tcgcagcccg cctcggccgc cgcgggagcg gttcgagttg 840 
ggagacggcc ggaagccagt aaaagaagag aaaatggaag aaagggacct gctgtccgac 900 
ttacaggaca tcagcgacag cgagaggaag accagctcgg ccgagtcctc gtcagcagaa 960 
tcaggctcag gttctgagga agaagaggag gaggaggaag aggaggagga ggaagggagc 1020 
accagtgaag aatcagagga ggaagaggaa gaggaggagg aggagaccgg cagcaactct 1080 
gaggaggcat cagagcagtc tgccgaagaa gtaagtgagg aagaaatgag tgaagatgaa 114 0 
gaacgagaaa atgaaaacca cctcttggtt gttccagagt cacggttcga ccgagattcc 1200 
ggggagagtg aagaagcaga ggaagaagtg ggtgagggaa cgccgcagag cagcgccctg 1260 
acagagggcg actatgtgcc cgactcccct gccctgtcgc ccatcgagct caagcaggag 1320 
ctgcccaagt acctgccggc cctgcagggc tgccggagcg tcgaggagtt ccagtgcctg 1380 
aacaggatcg aggagggcac ctatggagtg gtctacagag caaaagacaa gaaaacagat 14 4 0 
gaaattgtgg ctctaaagcg gctgaagatg gagaaggaga aggagggctt cccgatcacg 1500 
tcgctgaggg agatcaacac catcctcaag gcccagcatc ccaacatcgt caccgttaga 15 60 
gagattgtgg tgggcagcaa catggacaag atctacatcg tgatgaacta tgtggagcac 1620 
gacctcaaga gcctgatgga gaccatgaaa cagcccttcc tgccagggga ggtgaagacc 168 0 
ctgatgatcc agctgctgcg tggggtgaaa cacctgcacg acaactggat cctgcaccgt 1740 
gacctcaaga cgtccaacct gctgctgagc cacgccggca tcctcaaggt gggtgacttc 1800 
gggctggcgc gggagtacgg atcccctctg aaggcctaca ccccggtcgt ggtgaccctg 18 60 
tggtaccgcg ccccagagct gctgcttggt gccaaggaab actccacggc cgtggacatg 1920 
tggtcagtgg gttgcatctt cggggagctg ctgactcaga agcctctgtt ccccgggaag 1980 
tcagaaatcg atcagatcaa caaggtgttc aaggatctgg ggacccctag tgagaaaatc 2040 
tggcccggct acagcgagct cccagcagtc aagaagatga ccttcagcag acacccctac 2100 
aacaacctcc gcaagcgctt cggggctctg ctctcagacc agggcttcga cctcatgaac 2160 
aagttcctga cctacttccc cgggaggagg atcagcgctg aggacggcct caagcatgag 2220 
tatttccgcg agacccccct ccccatcgac ccctccatgt tccccacgtg gcccgccaag 2280 

2 
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agcgagcagc agcgtgtgaa gcggggcacc agcccgaggc cccctgaggg aggcctgggc 234 0 

tacagccagc tgggtgacga cgacctgaag gagacgggct tccaccttac caccacgaac 2400 

cagggggcct ctgccgcggg ccccggcttc agcctcaagt tctgaaggtc agagtggacc 24 60 

ccgtcatggg g 2471 

<210> 4 

<211> 30 

<212> DNA 

<213> Homo sapiens 

<400> 4 

gacatcagcg acagcgagag gaagaccagc 30 

<210> 5 

<211> 468 

<212> DNA 

<213> Homo sapiens 



<400> 5 

cacgaacgtc ggaaacgaca tcgagaagaa 
cagaagagaa gggaaatggc aagggagcat 
tgcctcttca gggaccgctt ggagcagtta 
cgggagcagc agaaggagca gcgggagcag 
cgcaaggagc gggaggcccg cagggaagtg 
tacagcgaca aagtgaaagc cagccactgg 
cggttcgagt tgggagacgg ccggaagcca 
ctgctgtccg acttacagga catcagcgac 



caggataaag ctcgccggga atgggaaaga 60 

tccaggagag aaagggggaa tgatggcgtg 120 

gaaaggaagc gggagcggga gcgcaagatg 180 

aaggagcgcg agcggcgggc ggaggagcgg 24 0 

tctgcacatc accgaacgat gagagaggac 300 

agtcgcagcc cgcctcggcc gccgcgggag 360 

gtaaaagaag agaaaatgga agaaagggac 420 
agcgagagga agaccagc 4 68 



<210> 6 

<211> 660 

<212> DNA 

<213> Homo sapiens 



<400> 6 

cacgaacgtc ggaaacgaca tcgagaagaa caggataaag ctcgccggga atgggaaaga 60 

cagaagagaa gggaaatggc aagggagcat tccaggagag aaagggggaa tgatggcgtg 120 

tgcctcttca gggaccgctt ggagcagtta gaaaggaagc gggagcggga gcgcaagatg 180 

cgggagcagc agaaggagca gcgggagcag aaggagcgcg agcggcgggc ggaggagcgg 24 0 

cgcaaggagc gggaggcccg cagggaagtg tctgcacatc accgaacgat gagagaggac 300 

tacagcgaca aagtgaaagc cagccactgg agtcgcagcc cgcctcggcc gccgcgggag 360 

cggttcgagt tgggagacgg ccggaagcca gtaaaagaag agaaaatgga agaaagggac 4 20 

ctgctgtccg acttacagga catcagcgac agcgagagga agaccagctc ggccgagtcc 4 80 

tcgtcagcag aatcaggctc aggttctgag gaagaagagg aggaggagga agaggaggag 540 

gaggaaggga gcaccagtga agaatcagag gaggaagagg aagaggagga ggaggagacc 600 

ggcagcaact ctgaggaggc atcagagcag tctgccgaag aagtaagtga ggaagaaatg 660 



3 

Qnjvangst .tij.d. 26. j an. 1-3 : 28 — --Afdrub H-jd-— * -26. Jan, 13:34 



26/01 '00 WOE 13:32 FAI +32 9 2446610 VIlA 

+32 9 2446610 



Eoi 



<210> 7 

<211> 37 

<212> DNA 

<213> Homo sapiens 

<220> 

<223> Delta-ppt 
<400> 7 

gaagaagagg aggaggagga agaggaggag gaggaaggga gcaccagtga agaatcagag 60 

gaggaagagg aagaggagga ggaggag „ 

8 7 



<210> 8 : 
<211> 36 ! 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: ! 5'-end primer 



<400> 8 J 
tgaccggaat tcatgggtga tgaaaaggac tcttgg 

j 

<210> 9 | 
<211> 39 j 

<212> DNA I 

i 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence 3 ■ -end primer 
<400> 9 

tgaccggaat tctgaccttc agaacttgag gctgaagcc 

l 

<210> 10 

<211> 30 ; 
<212> DNA | 
<213> Artificial Sequence ! 

j 

<220> j 

<223> Description of Artificial Sequence :| mutation 
primer ! 



36 



39 



j 
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! 

i 

<400> 10 | 
agcctcaagt tcgcggccgc agagtggacc 

i 
I 

<210> 11 I 

<2ii> 21 ■; 

<212> DNA 

<213> Artificial Sequence I 

<220> | 

<223> Description of Artificial Sequence: primer 

i 

I 

<400> 11 I 
gaggaagaag cgagtgaaga t j 

! 

<210> 12 ! 
<211> 22 

<212> DNA ; 
<213> Artificial Sequence 

<220> ! 

i 

<223> Description of Artificial Sequence: 'primer 

i 

[ 

<400> 12 | 

gacagcgaga aagaccagct eg j 

! 

j 

<210> 13 | 
<211> 35 . ! 
<212> DNA j 
<213> Artificial Sequence ! 

j 

<220> i 

i 

<223> Description of Artificial Sequence 5 1 -end primer 

I 

<400> 13 | 
ctagtctaga aaagtgaaaa ctttagatga aattc ' 

. i 

i 
I 

<210> 14 j 
<211> 33 j 
<212> DNA j 

<213> Artificial Sequence j 

j 

<220> j 

i 

<223> Description of Artificial Sequence:! 3-end primer 

5 
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<400> 14 j 

ttcttcatct tcacccatgg cttcctcact tac. 1 33 

j 

<210> 15 ; 

<211> 35 j 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: 3' -end primer 



<400> 15 ; 

tgcatgccat ggtcctctct catcgttcgg tgatg i 35 

j 

<210> 16 j 

<211> 34 I 

<212> DNA i 

<213> Artificial Sequence j 

<220> j 

<223> Description of Artificial Sequence: 13' -end primer 

i 

<400> 16 i 
tgcatgccat ggatgtcgtt tccgacgttc gtgc I 



34 



<210> 17 
<211> 31 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: js'-end primer 



<400> 17 j 

ctagtctaga gcacgaacgt cggaaacgac a I 31 

i 

i 

<210> 18 j 
<211> 35 j 
<212> DNA ; 
<213> Artificial Seqaence 

i 

<220> I 

<223> Description of Artificial Sequence ; i 3 » -end primer 
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<400> 18 

catgccatgg tcttcctctc gctgtcgctg atgtc 



35 



<210> 19 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 



<223> Description of Artificial Sequence; 5' -end primer 

j 

<400> 19 j 
ctagtctaga catcaccgaa cgatgagaga gg 



32 



<210> 20 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 

<400> 20 j 
ctagtctaga gacatcagcg acagcgagag gaagaccagc 



iS'-end primer 



40 



<210> 21 I 
<211> 35 j 
<212> DNA j 

<213> Artificial Sequence ! 

i 

<220> j 
<223> Description of Artificial Sequence: jprimer 

<400> 21 ! 
ctagtctaga aaagtgaaaa ctttagatga aattc 



35 



<210> 22 
<211> 35 
<212> DNA 

<213> Artificial Sequence 

<220> . . 

<223> Description of Artificial Sequence primer 
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<400> 22 

ccatcgatag aacctgagcc tgattctgct gacga 



35 



<210> 23 
<211> 34 
<212> DNA 

<213> Artificial Sequence 



<220> j 

<223> Description of Artificial Sequence! : primer 



<400> 23 

ccatcgatac cggcagcaac tctgaggagg catc 



34 



<210> 24 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 



I 



<223> Description of Artificial Sequence: [primer 



<400> .24 

ttcttcatct tcacccatgg cttcctcact tac 



33 



<210> 25 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: ! hairpin 
forming oligonucleotide ! 



<400> 25 

cgcgtggcga gattttcagg agtcac 



26 



<210> 26 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<220> .. ! 

<223> Description of Artificial Sequence:; hairpin 



8 
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forming oligonucleotide 



<400> 26 

tcgagtgact cctgaaaatc tcgcca 



® 021 



26 



<210> 27 
<211> 40 
<212> DNA 

<213> Artificial Sequence 



<220> • : ' 

<223> Description of Artificial Sequence: E-tag probe 



<400> 27 - 
acgcggttcc agcggatccg gatacggctc cggcgcacct 



40 
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